Abstract An idea is presented about the development of a data processing and analysis system for ICF experiments, which is based on an object oriented framework. The design and preliminary implementation of the data processing and analysis framework based on the ROOT system have been completed. Software for unfolding soft X-ray spectra has been developed to test the functions of this framework.
Introduction

The hierarchy of the system
In Initial Confinement Fusion (ICF) experiments, plasmas with high temperature and high density, which come from the laser incident on targets, are the main object of research It is very important to detect the state of the plasma accurately; therefore, a good system for data acquisition and for data processing and analysis is highly necessary. But at present the data processing and analysis system (DPAS) used for our ICF experiments leaves much to be desired in its technical capabilities compared with systems used in advanced countries. So a new DPAS software system for ICF based on advanced software technology is needed urgently.
Reuse technique could ensure the high quality of software systems. In the 1980s, the theory of Object Oriented Programming (OOP) [ ' I was advanced. Though it brought about a great development in the reuse technique and was introduced to data acquisition and processing systems of ICF experiments gradually, it was limited to code reuse and could not realize the reuse of analysis and design [2,31, which was most important for a software system. In order to solve these problems, the idea about an Object Oriented Framework (OOF) [4251 was produced. It realized the reuse of analysis and design and was often used to solve large granularity software reuse in special areas. It was adopted by the National Ignition Facility (NIF) in the United States to develop the Integrated Computer Control System (ICCS) [6] , while it hasn't been used in our ICF experiment system. In this paper, the DPAS for ICF experiments based on the OOF idea is studied. The design and development of the software framework for ICF experiment DPAS is discussed in relation to the tests done on it by the software for unfolding spectra that was developed for soft X-ray spectra. Test results show positively the ability of the framework to develop experiment application software quickly.
2 Development of the DPAS framework for ICF experiments
Because there are different kinds of ICF experiments, to develop a powerful and complete DPAS is a complicated task and requires extensive manpower. The ROOT [7] system, as an OOP framework, has been broadly used for data analysis, data acquisition, events and event rebuilding, and detector simulation in High Energy Physics (HEP). With its loose-coupling framework. ROOT could be easily expanded to other application domains. Therefore, development based on a ROOT framework could reduce the development cycle and improve the reliability of software systems. Fig. 1 shows the hierarchy of the system development. Firstly, the ICF experimental data processing and analysis application framework (ICFRootApp) is developed based on ROOT. It supplies a set of common tools and relations between different application modules. Then, some specific application modules are developed based on this framework. Finally, for specific experiments, some modules are combined to develop the corresponding application software. Such a hierarchical design could improve the loose-coupling performance of the system and make the division of tasks clear. The developers of the framework just need to build up the foundation for the whole system and provide a unified development environment. Whereas the developers of the specific modules may focus on specific functions of the modules. The final application development is tightly connected to user requirements and specific experiments.
Application model of the framework
ICF experiment DPAS is an interactive software system. It evaluates and analyzes the raw data or theoretical models, and then displays the results in text, graph or image format. The Model-View-Controller (MVC) is] pattern is used to describe this process very well, which separates the presentation layer from the data layer and makes the expansion and modification of the whole system easier. Moreover. this pattern can be reused in subsystems of the framework. The first four parts, located at the bottom of the application, are subjects of the framework and include the basic information and operation. They also realize the communication with external systems. The other two parts, which deal with data input and output, interact with the users directly.
The Algorithm Management module manages the algorithm of the energy spectrum and images in ICF experiments, including structure definition, creation, query and registration of the algorithm.
File Management provides the standard methods to access or store experimental data. A standard file format, which combines the raw experimental data and configuration of physical conditions, is also defined in this module.
The Command and Control module supplies an expandable system interface, which is implemented by an external system. It facilitates the interaction between DPAS and the external system (central control system or another subsystem).
The Application Component Management module is used to manage components in the framework and control the access process from client to system service.
The Display of Graph and Image module improves the graph and image function of the ROOT system. It supports the display of different kinds of graphs and images, like histograms, ICF standard images and Charge Coupled Device (CCD) images. The Graphics User Interface (GUI) module interacts with users directly. It, together with the display module, controls the data input and output.
Development of application software under the DPAS framework
The development of application software for ICF experiments is the instantiation of the DPAS framework for specific problems. The process of the instantiation needs three steps. The first step to build relevant components, the second step to write relevant classes and the last step to write glue codes. The DPAS framework consists of frozen spots and hotspots [' I. Frozen spots are the fixed parts of the framework and hotspots are expandable parts. Developers could expand the framework on hotspots by inheriting or compositing the corresponding application components or classes. With the exiting components and classes, the applications developers only need to write a few glue codes to com- 3 Development of software for unfolding spectra for soft X-ray energy spectra
An instance, the software for unfolding spectra for soft X-ray energy spectra, is used to test the functions of the framework. And at the same time, a confirmation is to be sought that the framework is able to develop application software quickly.
In ICF experiments, the X-ray from a plasma mainly focuses in the soft X-ray energy range 0.1 keV -1.5
keV. The information about the interaction between the laser and the plasma could be obtained by measuring the energy distribution in this energy region with instrumentation such as a Transmission Grating Spectrometer (TGS) [ ' *I and a Soft X-ray Spectrometer (SXS) Ill]. The results measured by these two instruments should be compared and complemented for each other. This function would be hard to be realized using their previous software, because the software is isolated and lacks a graphical interface. So a new set of software for unfolding spectra is developed, based on the DPAS framework. During the process of developing the software for unfolding spectra, we reused the MVC pattern within the DPAS framework and divided the application into two components: the main body and the User Interface (UI). Moreover, many useful common interfaces were defined in the DPAS framework, which made application development easier and faster.
The flowchart of the software for unfolding spectra is shown in Fig. 3 . Firstly, the data is read from the file server. If the raw data format is a standard format, it could be read directly; if not, the raw data must be converted to the standard format. Then, the data will be processed using the corresponding algorithm (TGS data is processed using the iterative method [lo] and SXS data using the maximum entropy method [ll] ). Last, the results are shown with histograms. Each step of the software flow uses a corresponding interface of the ICFRootApp framework. Most of these interfaces have been implemented in the framework, but some specific application interfaces, such as the algorithm for unfolding spectra, need to be implemented by application developers.
The software U1 is realized by the ICF GUI with a WINDOWS feeling and look, and is shown in Fig. 4 . The picture at the center of Fig. 4 is the CCD raw image for TGS. Fig. 5 (a) and (b) give the unfolding results of TGS and SXS on the same experiment. It is convenient to be applied to WINDOWS or other platforms because the main code of the DPAS framework is independent of operating systems.
The software for unfolding spectra is developed partly for testing the functions and inner relations of the DPAS framework. The newly developed components could be managed and absorbed by the DPAS framework, which makes the framework more powerful and subsequent application development easier.
Conclusions
The design and preliminary implementation of the DPAS framework for ICF experiments based on the ROOT system have been completed. The functions of this framework have been tested by software for unfolding spectra for soft X-ray energy spectra. The ability of this framework t o develop high quality software quickly has been confirmed as well. With further improvements, the DPAS framework could become a reliable and stable development environment. It could also be used t o develop other application software for data acquisition, experimental control and experiment simulations in the ICF domain. 
